In this study we aimed to evaluate the effects of casein and whey protein supplementation on examination stress. We have investigated different parameters of oxidative stress and immune function.
Introduction
Milk consists of approximately 87% water, 5% sugar (mainly lactose), 3.5% proteins and 1% salt. Among the milk proteins, caseins represent 80% and remaining 20% is the soluble proteins. Whey is the remaining liquid, which contains the soluble proteins after precipitation of casein during cheese production. Whey proteins have many beneficial effects on human health [1, 2] . Among these are antioxidative, anti-hypertensive, anti-carcinogenic, hypocholesterolemic and opioidergic effects in addition to their immune-regulatory roles.
Oxidative stress is a condition resulting from the imbalance between the amount of endogenous and/ or exogenous reactive oxygen species (ROS) and the antioxidant defense system [3] . The most important component of the antioxidant defense system is glutathione (GSH), which functions either by directly scavenging free radicals or by participating in enzymatic degradation of ROS [4] . GSH plays an important role in cell signaling through its influence on the intracellular redox status and recent evidence suggests that it can also modulate the immune response. The inability of the cell to import GSH intact has prevented its supplementation. The rate-limiting step in GSH synthesis is dependent on intracellular availability of cysteine [5] . Use of a whey based protein supplement that is rich in cysteine, increases GSH concentrations of circulating lymphocyte and plasma [6, 7] .
On the other hand, stress and exercise can negatively influence immune function through a variety of mechanisms. Firstly, blood glucose levels are lowered and this increases the levels of stress hormones such as cortisol that affect immune function. Exercise also leads to generation of ROS and oxidative stress, which may lead to apoptosis of susceptible immune cells [8] . Physiological and psychological stresses are found to activate the sympathetic nervous system and increase the activity of the hypothalamic-pituitary-adrenal axis leading to increased levels of catecholamines and glucocorticoids [9] . Additionally, acute stress and chronic stress are both associated with increased production and/ or release of pro-inflammatory cytokines and decreases in anti-inflammatory cytokines [10] . In this study, we aimed to evaluate the effects of casein and whey protein supplementation on examination stress by determining different parameters of oxidative stress (plasma antioxidant capacity and erythrocyte glutathione levels) and immune function (plasma TNF-α, IL-6 and IL-12 levels).
Materials and Methods
The study was approved by the institutional ethics committee (8.12.2017 -09.2017 .720) and comprised 36 participants who were third grade medical students at Marmara University School of Medicine. Informed consent was obtained from all participants who were randomly divided into three groups: control, casein and whey protein. The control group did not receive any nutritional supplementation, while the other two groups were supplemented with either casein (33 g) or whey protein (44 g), once daily for 15 days in addition to their normal diets. Casein and whey proteins were obtained from Kavi Gıda, Istanbul, Turkey in powder form and were prepared as suggested by the manufacturer. Blood samples were obtained after an overnight fasting period at the beginning of the study (Day 0), on the examination day (Day 16) and post-examination (Day 21). Blood was centrifuged to separate plasma and erythrocyte. Plasma and erythrocyte lysates were stored at -20 o C until use.
Biochemical determinations
Cupric ion reducing antioxidant capacity (CUPRAC) in plasma was determined as described by Apak et al. [11] . The chromogenic oxidizing reagent used for the assay was bis(neocuproine)copper(II) cation acting as an outersphere electron-transfer agent. The chromophore was formed by reduction of this reagent with antioxidants. The reaction was essentially complete within 30 minutes and the absorbance of the Cu(I)-chelate formed was measured at 450 nm. GSH concentration of the erythrocyte lysates was assayed by the Ellman method using 5,5'-dithiobis-2-nitrobenzoic acid (DTNB) [12] . The method was based on the development of a yellow color when DTNB is added to sulfhydryl compounds. The color that developed was fairly stable for about 10 minutes and the absorbance was read at 412 nm. Plasma TNF-α, IL-6 and IL-12 levels were determined using commercial ELISA kits (Thermo Scientific Inc., USA). Cortisol measurements were made by an immunoassay analyzer (Beckman Coulter Inc., USA).
Statistical Analysis
Data were analyzed by using one-way analysis of variance (ANOVA). Differences between groups were determined with Tukey's multiple comparison test. Significance of differences was taken at the level of p< 0.05. Calculations were done using Prism 6.0 (GraphPad Software, San Diego, CA, USA).
Results
The study was carried out with 36 students who accepted to participate voluntarily, 25 of the participants (69.4%) were male. There was no significant difference between the three groups in terms of their age, body mass index, nutrition, physical activity and tobacco or alcohol use. Figure 1 shows the changes in plasma antioxidant capacity and erythrocyte glutathione levels of the three groups. There was no significant difference between the antioxidant capacity values of the three groups. However, although not statistically significant, the values of the control group suggested that examination stress might have a diminishing effect on antioxidant capacity. When the antioxidant capacity values were compared on a daily basis, there was no difference on Day 0 values but the values of whey group were slightly higher than control and casein groups on Day 16 and Day 21. There was no significant difference between glutathione values on Day 0 and Day 16. However, on Day 21 glutathione levels of the whey group were significantly (p < 0.05) higher than the other two groups. There was no significant difference between plasma cortisol levels of the three groups at different times (data not shown). Table  I shows plasma cytokine levels of all three groups on the examination day. Cytokine levels were all significantly high when compared to initial values. The percentage increase in TNF-a, IL-6 and IL-12 values were 11.9-33.9%; 23.8-57.7% and 12.6-77.7%, respectively. TNF-a and IL-12 values of the whey group were significantly higher than the control group on the examination day. 
Discussion
Whey protein is frequently used to enhance antioxidant defenses [13] . The antioxidant activity exhibited by whey protein occurs because of its iron-chelating properties but perhaps more importantly through provision of the amino acids required for GSH synthesis [14] . Whey proteins contain high amounts of cysteine and methionine, and also contributes glutamine which can be converted to glutamate: all are amino acids required for GSH synthesis. When levels of cysteine are low, it is preferentially used for protein synthesis and hence provision of cysteine through whey proteins is important to enhance GSH biosynthesis. Glutathione has strong antioxidant properties and is a scavenger of ROS. This is achieved through several mechanisms; firstly, GSH peroxidase catalyzes reduction of hydrogen peroxide and organic peroxides; secondly, GSH is able to scavenge hydroxyl radicals and singlet oxygen; and finally, GSH is able to directly or indirectly reduce tocopherol radicals thereby preventing free radical chain reaction and lipid peroxidation [4] . A study carried out in young and healthy athletes showed that daily consumption of 20 g of whey protein for 12 weeks enhanced GSH levels, improved athletic performance, and decreased body fat [15] . Whey protein has been shown to increase total antioxidant capacity and GSH levels in resistance-trained subjects [16] . Our results were in accordance with these studies and showed that whey protein consumption corrected stress-induced depletion of antioxidant capacity and increased glutathione levels slightly in the post-examination group. Cell-culture studies demonstrated that lowering intracellular GSH levels decreased survival of TNF-a stimulated T-lymphocytes and altered T cell function [7] . Thus, GSH is able to assist the body in combating a number of stress related diseases through its action on the immune system.
On the other hand, medical students must complete an intensive program especially in their first three years. Accordingly, stress is very common among medical students during the course of their training. Academic examinations represent one type of naturalistic stressor and several studies have indicated that naturalistic stressors upregulate immune functions [17, 18] , while other studies have reported that they rather down-regulate immune responses [19, 20] . As mentioned previously, acute stress and chronic stress are both associated with increased production and/ or release of pro-inflammatory cytokines and decreases in anti-inflammatory cytokines [10] . Although, we were not able to observe any changes in cortisol, TNF-a and IL-12 levels, values of the whey group were significantly higher than the control group on the examination day.
The mechanisms of stress-related immune alterations have not been fully elucidated. However, cell-mediated immune responses as well as antibody production and release of certain cytokines were reported as being suppressed during times of high stress. The values obtained for our control group suggested that examination stress might have a diminishing effect on antioxidant capacity. There was no significant difference between glutathione levels of different groups but cytokines were all significantly high when compared to initial values. The main drawback of our study was the number of students involved as well as the short duration of the study. Nevertheless, although our results need to be verified by further studies with larger groups that are recruited for longer times, we still believe that consumption of whey proteins will support the immune system by increasing glutathione synthesis.
